Veterinary Teaching Hospital, Faculty of Veterinary Medicine, Firat University, 23119 Elazig, Turkey.

CI^−^

:   chloride

K^+^

:   potassium

Na^+^

:   sodium

POC

:   point‐of‐care

ROC

:   receiver operating characteristics

RSD

:   residual standard deviation

Se

:   sensitivity

Sp

:   specificity

Introduction {#jvim12526-sec-0007}
============

Evaluation of serum or plasma electrolytes is important part of the blood chemistry profile in cattle. Potassium (K^+^) and sodium (Na^+^) are the major intracellular and extracellular cations, respectively.[1](#jvim12526-bib-0001){ref-type="ref"} Chloride (Cl^−^) is the major anion in extracellular fluid.[1](#jvim12526-bib-0001){ref-type="ref"}, [2](#jvim12526-bib-0002){ref-type="ref"} Changes in serum/plasma chloride concentration are generally parallel to those of sodium.[2](#jvim12526-bib-0002){ref-type="ref"}

Changes in blood electrolytes concentrations can occur in different diseases of cattle.[3](#jvim12526-bib-0003){ref-type="ref"}, [4](#jvim12526-bib-0004){ref-type="ref"}, [5](#jvim12526-bib-0005){ref-type="ref"} Blood electrolytes are useful in the evaluation of body systems and implementing fluid and electrolyte treatment. Recognition of and monitoring disturbed electrolyte status is important for effective clinical interventions. Blood electrolyte concentration measurements have been performed by clinical chemistry laboratories at hospitals, which cannot be convenient to many field practitioners. In recent years, hand‐held analyzers, also known as point‐of‐care (POC) devices, have been produced to measure blood electrolyte concentrations quickly. The i‐STAT[1](#jvim12526-note-0001){ref-type="fn"} is extensively used in veterinary hospitals and ambulatory clinics. A study conducted on healthy cattle (n = 24) showed that i‐STAT yielded K^+^ and Na^+^ concentrations in agreement with the reference method.[6](#jvim12526-bib-0006){ref-type="ref"} However, its reliability should be assessed in cattle a wide range of electrolyte concentrations. The purpose of this study was to evaluate the reliability the i‐STAT in assessment of blood K^+^, Na^+^, and CI^−^ concentrations using plasma K^+^, Na^+^, and CI^−^ measured by a conventional auto‐analyzer.[2](#jvim12526-note-0002){ref-type="fn"}

Materials and Methods {#jvim12526-sec-0008}
=====================

Animals {#jvim12526-sec-0009}
-------

Ninety‐eight cattle in different breed and ages \[Simmental (n* *=* *63), Swiss Brown (n* *=* *26), Holstein (n* *=* *9), ranging from 1 day to 9 years of age\] referred to Firat University Teaching and Training Animal Hospital were used in this experiment. Animals were tentatively diagnosed to have various diseases \[alimentary disorders (n* *=* *42, traumatic reticuloperitonitis, simple indigestion, enteritis, abomasal ulcer, vagus indigestion), neonatal problems (n* *=* *29, neonatal infection, neonatal diarrhea, cleft palate), respiratory disorders (n* *=* *10, pneumonia, aspiration pneumonia), theileriosis (n* *=* *6), mastitis (n* *=* *4), ketosis (n* *=* *2), uterine torsion (n* *=* *2), pericarditis traumatica (n* *=* *1), otitis media (n* *=* *1), and tetanus (n* *=* *1)\]. No animal was excluded in order to obtain an extreme electrolyte range. In order to achieve reliable regression delivering acceptable *R* ^2^ and minimizing bias, animals were enrolled prospectively until meeting sample size and power calculations. Approval for all procedures was obtained from the Firat University Ethics Committee on Animal Experimentation.

Blood Samples and Measurements {#jvim12526-sec-0010}
------------------------------

Blood samples were collected from the jugular vein of all cattle into blood collection tubes containing lithium heparin via vacutainer device.[3](#jvim12526-note-0003){ref-type="fn"} A portion of blood samples was used for immediate determination of blood K^+^, Na^+^, and CI^−^ concentrations using the i‐STAT equipped with CHEM8+ cartridges.[4](#jvim12526-note-0004){ref-type="fn"} The remaining blood was immediately centrifuged[5](#jvim12526-note-0005){ref-type="fn"} at 3,000 × *g* for 15 minutes at 4°C to harvest plasma. Plasma samples were stored −20°C for plasma K^+^, Na^+^, and CI^−^ concentration measurement within 3 days using an auto‐analyzer. The CHEM8+ cartridges were stored in a refrigerator (4--8°C) and the cartridges were used before the expiration date. Each cartridge was allowed to warm for 10 minutes in the ambient temperature before using. The i‐STAT control solutions[6](#jvim12526-note-0006){ref-type="fn"} were administered to 2 cartridges out of each cartridge batch. The i‐STAT and auto‐analyzer were calibrated and used in accordance with their manufacturers' specifications.

Statistical Analysis {#jvim12526-sec-0011}
--------------------

Sample size[7](#jvim12526-bib-0007){ref-type="ref"} was calculated for K^+^ concentration, the main interest, using available free software.[7](#jvim12526-note-0007){ref-type="fn"} In order to reject the null hypothesis 64 observations were needed at Type I error (α) of 0.001 and Type II error (power, β) of 0.99. Entered standard deviation, standard deviation of the regression error, and slope of the regression line were computed to be 5.0, 6.0, 0.95, respectively in the sample size calculation.

After attaining normal distribution by the Kolmogorov‐Smirnov test[8](#jvim12526-bib-0008){ref-type="ref"} data were subjected to paired Student *t*‐test and Box‐and‐Whisker Plot distribution for comparison of data obtained from both methods. The auto‐analyzer was considered the reference method, whereas the i‐STAT was considered the test method in the assessment of reliability. Accuracy and precision of the i‐STAT were attained using the concordance analysis. Pearson\'s correlation coefficients between 2 methods as described by Jensen and Kjelgaard‐Hansen.[9](#jvim12526-bib-0009){ref-type="ref"} The Passing‐Bablok regression analysis was employed to determine the best linear fit for the i‐STAT.[10](#jvim12526-bib-0010){ref-type="ref"} Systematic, proportional, and random difference (bias) between the i‐STAT and the auto‐analyzer were determined by the Bland‐Altman plot analysis.[11](#jvim12526-bib-0011){ref-type="ref"} Finally, the receiver operating characteristics (ROC) curves were developed at the cut‐off plasma K^+^ concentrations of \<3.9 mmol/L (hypokalemia) and \>5.8 mmol/L (hyperkalemia); plasma Na^+^ concentrations of \<132 mmol/L (hyponatremia), and \>152 mmol/L (hypernatremia); plasma Cl^−^ concentrations of \<97 mmol/L (hypochloremia) and \>111 mmol/L (hyperchloremia)[12](#jvim12526-bib-0012){ref-type="ref"} to determine sensitivity (Se) and specificity (Sp) of the i‐STAT at the highest Youden Index.[13](#jvim12526-bib-0013){ref-type="ref"} In data analyses, a commercial software[8](#jvim12526-note-0008){ref-type="fn"} was used and statistical significance was declared at *P *\<* *.05.

Results {#jvim12526-sec-0012}
=======

Descriptive statistical measurements and comparisons of plasma and blood electrolyte concentrations are shown in Fig [1](#jvim12526-fig-0001){ref-type="fig"}. Plasma and blood K^+^ (4.39 versus 4.2 mmol/L; *P *\<* *.0001) and Cl^−^ (100.30 versus 99.4 mmol/L; *P *\<* *.04) concentrations were different. However, plasma and blood Na^+^ concentrations (136.95 versus 136.8 mmol/L; *P *=* *.49) were similar.

![The box‐whisker plot of plasma and blood electrolyte concentrations determined using the auto‐analyzer (Cobas C501) and the POC meter (i‐STAT). Data show quartiles and group mean with 95% CI within the boxes (n* *=* *98).](JVIM-29-388-g001){#jvim12526-fig-0001}

Concordance analysis revealed that correlation coefficients (*r*), precision (Pearson ρ), and accuracy (bias correction factor, *C* ~b~) between the i‐STAT and the Cobas C501 were 0.970, 0.995, and 0.984 for K^+^; 0.922, 0.924, and 0.998 for Na^+^; and 0.866, 0.871, and 0.994 for CI^−^, respectively.

Figure [2](#jvim12526-fig-0002){ref-type="fig"} shows distribution of plasma and blood electrolyte concentrations. None of the blood electrolytes measured by the i‐STAT exhibited significant deviation from the identity line (Fig [2](#jvim12526-fig-0002){ref-type="fig"}). Regression equations fitting blood (Y) and plasma (X) concentration \[95% CI\], were *Y* = −0.10 \[−0.19/0.01\] + 0.98 \[0.96/1.00\] × *X*, with a residual deviation (RSD) of 0.07 \[−0.14/0.14\] for K^+^; (*P* = 0.50); *Y* = 0 \[0.00/17.06\] + 1 \[0.88/1.00\] × *X*, with a RSD of 1.65 \[−3.24/3.24\] for Na^+^ (*P* = 0.27); and *Y* = 3.04 \[−3.98/17.00\] + 0.96 \[0.82/1.03\] × X, with a RSD of 2.91 \[−5.71/5.71\] for CI^−^ (*P* = .15). Intercept, slope, and RSD in these equations represent systematic, proportional, and random errors, respectively.

![The Passing‐Bablok regression analysis (left column) of blood electrolyte concentrations determined using the POC meter (i‐STAT) versus plasma electrolyte concentrations determined using the auto‐analyzer (Cobas C501, X) (n* *=* *98). The diagonal dashed line is the identity line; the solid line is best fit; and the dashed lines are 95% CI. The Bland‐Altman plot analysis (right column, Table* * [1](#jvim12526-tbl-0001){ref-type="table-wrap"}) of differences between blood electrolyte concentrations determined using the POC meter and plasma electrolyte concentrations determined using the auto‐analyzer against their averages. The parallel dashed lines are upper and lower limits of the bias; the parallel solid straight line is the mean bias; the thick dashed line is the best fit; and the thin straight lines are 95% CI of the best fit.](JVIM-29-388-g002){#jvim12526-fig-0002}

Figure [2](#jvim12526-fig-0002){ref-type="fig"} and Table [1](#jvim12526-tbl-0001){ref-type="table-wrap"} summarize the detail of bias. The i‐STAT underestimated plasma K^+^ concentration \[mean bias = −0.20 mmol/L, with a standard error of estimate (S~*y*.*x*~) of 0.11\], which was statistically significant (*P *=* *.03). However, underestimation of plasma Na^+^ (−0.16 mmol/L, with a S~*y*.*x*~ of 2.32; *P *=* *.12) and CI^−^ (−0.87 mmol/L, with a S~*y*.*x*~ of 4.08; *P *\<* *.93) concentrations by the i‐STAT was statistically insignificant.

###### 

Evaluation of bias (blood concentration ‐ plasma concentration) of the i‐STAT for measuring electrolyte concentrations as compared to the auto‐analyzer (Cobas C501) (n* *=* *98)

  -----------------------------------------------------------------------------------------------------------------------------------------------
                   Difference (mmol/L)                                                      
  ---------------- --------------------- ------ ---------------------- -------------------- -----------------------------------------------------
  \[K\], mmol/L    −0.20 (−0.22/−0.18)   0.11   −0.40 (−0.44/−0.36)    0.001 (−0.04/0.04)   Y = −0.11 ± 0.04 ‐ 0.02 ± 0.01•X,\
                                                                                            *P *=* *.02 for intercept and *P *=* *.03 for slope

  \[Na\], mmol/L   −0.16 (−0.63/0.30)    2.32   −4.71 (−5.50/−3.91)    4.38 (3.58/5.18)     Y = 8.58 ± 5.55 ‐ 0.06 ± 0.04•X,\
                                                                                            *P *=* *.13 for intercept and *P *=* *.12 for slope

  \[CI\], mmol/L   −0.87 (−1.69/−0.05)   4.08   −8.87 (−10.27/−7.46)   7.13 (5.73/8.53)     Y = −1.32 ± 5.36 + 0.005 ± 0.05•X,\
                                                                                            *P *=* *.81 for intercept and *P *=* *.93 for slope
  -----------------------------------------------------------------------------------------------------------------------------------------------

S~y.x~ = standard error of estimate.

John Wiley & Sons, Ltd

Figure [3](#jvim12526-fig-0003){ref-type="fig"} illustrates ROC curves for electrolyte status and Table [2](#jvim12526-tbl-0002){ref-type="table-wrap"} summarizes sensitivity and specificity of the i‐STAT in assessment of electrolyte status. The cut‐off values yielding the highest Youden index were slightly different from the projected cut‐off values stated previously. The i‐STAT had 100% Se for assessing all electrolyte statuses, except for hypochloremia (76.0%, 54.9--90.6%). Specificity of the i‐STAT for hypokalemia and hyperkalemia was 93.9% (85.2--98.3%) and 100% (95.8--100%), respectively. For hyponatremia and hypernatremia, the i‐STAT had Sp of 89.4 and 100%, respectively. Specificity of the i‐STAT was 87.7% (77.9--94.2%) and 95.7% (89.5--98.8%) in assessing hypo‐ and hyperchloremia, respectively.

###### 

The receiver operating characteristics curve parameters for the i‐STAT in assessing electrolyte status in cattle (n* *=* *98)

                                                                                Area Under Curve                        
  ---------------------------- -------- ------------------- ------------------- ------------------------------ -------- ---------
  Hypokalemia (n* *=* *32)     ≤3.70    100 (89.1--100)     93.9 (85.2--98.3)   0.991 ± 0.006 (0.947--1)       81.65    \<.0001
  Hyperkalemia (n* *=* *11)    \>5.40   100 (71.5--100)     100 (95.8--100)     1 ± 0 (0.963--1)               --       \<.0001
  Hyponatremia (n* *=* *13)    ≤133     100 (75.3--100)     89.4 (80.8--95.0)   0.967 ± 0.016 (0.910--1)       28.855   \<.0001
  Hypernatremia (n* *=* *2)    \>150    100 (15.8--100)     100 (96.2--100)     1 ± 0 (0.963--1)               --       \<.0001
  Hypochloremia (n* *=* *25)   ≤97      76.0 (54.9--90.6)   87.7 (77.9--94.2)   0.902 ± 0.035 (0.825--0.953)   11.51    \<.0001
  Hyperchloremia (n = 4)       \>108    100 (39.8--100)     95.7 (89.5--98.8)   0.979 ± 0.014 (0.927--0.997)   33.19    \<.0001

Corresponding with highest Youden index.

John Wiley & Sons, Ltd

![Sensitivity and specificity of the POC meter (i‐STAT) at a cut‐off plasma electrolyte concentrations measured by the auto‐analyzer (Cobas C501) for hypokalemic (≤3.70 mmol/L, n* *=* *32) versus hyperkalemic (\>5.40 mmol/L, n* *=* *11); for hyponatremic (≤133 mmol/L, n* *=* *13) versus hypernatremic (\>150 mmol/L, n* *=* *2); and hypochloremic (≤97 mmol/L, n* *=* *25) versus hyperchloremic (\>108 mmol/L, n* *=* *4) statuses in cattle.](JVIM-29-388-g003){#jvim12526-fig-0003}

Discussion {#jvim12526-sec-0013}
==========

Electrolyte minerals are vital and play in a number of metabolic activities and homeostasis. Laboratory‐based methods for measurement of plasma K^+^, Na^+^, and CI^−^ concentrations are expensive and require specific equipments. Moreover, time to obtain laboratory results is one of the limitations to field practitioners. The i‐STAT produces potentially accurate and reliable results within minutes and can be operated easily in field settings. The i‐STAT has been in use in veterinary hospitals and ambulatory clinics in horses and dogs.[14](#jvim12526-bib-0014){ref-type="ref"}, [15](#jvim12526-bib-0015){ref-type="ref"}

We evaluated the reliability of the i‐STAT in measuring blood K^+^, Na^+^, and CI^−^ concentrations in cattle. Studies evaluating the POC device to assess electrolyte status in cattle are few. In a study involving blood samples collected from 24 clinically healthy cattle, K^+^ and Na^+^ measurements by the i‐STAT were shown to range within the reference values.[6](#jvim12526-bib-0006){ref-type="ref"} Using data from 98 cattle with various diseases in this study allowed us to evaluate a wide range of K^+^, Na^+^, and CI^−^ concentrations to determine reliability of the i‐STAT.

In measurement of blood K^+^ concentration, the i‐STAT was positively correlated with the reference method in clinically healthy cattle.[6](#jvim12526-bib-0006){ref-type="ref"} The i‐STAT yielded reliable blood K^+^ measurement results with the reference methods in dogs and horses, as well.[14](#jvim12526-bib-0014){ref-type="ref"} Blood K^+^ concentrations measured by the i‐STAT were typically 0.5--1.5 mmol/L less than concentrations obtained from reference method in healthy dogs, cats, and horses.[16](#jvim12526-bib-0016){ref-type="ref"}

Blood Na^+^ concentration in horses measured by the i‐STAT was shown to be highly correlated (*r *=* *1.00) with plasma Na^+^ measured by the reference method.[14](#jvim12526-bib-0014){ref-type="ref"} In clinically healthy cattle, the i‐STAT had excellent correlation with the reference method in measurement of blood Na^+^ concentration (*r *=* *0.98).[6](#jvim12526-bib-0006){ref-type="ref"} In the present report, mean blood and plasma Na^+^ concentrations were not different (Fig [1](#jvim12526-fig-0001){ref-type="fig"}). Moreover, blood Na^+^ concentrations were highly correlated with plasma Na^+^ concentrations (*r *=* *0.922, *P *\<* *.0001), with a considerable accuracy (0.998) and precision (0.924).

To our knowledge, such evaluation of the i‐STAT for Cl^−^ concentrations in cattle is lacking. The i‐STAT yielded bias and variability within clinically acceptable limits for blood CI^−^ measurement in dogs, cats and horses.[16](#jvim12526-bib-0016){ref-type="ref"} The i‐STAT is reported to be a reliable and useful device to measure blood CI^−^ concentration in human.[17](#jvim12526-bib-0017){ref-type="ref"} Our results showed that the i‐STAT could be safely used to determine plasma CI^−^ concentration in cattle.

Although plasma K^+^ and Cl^−^ concentrations were higher than blood K^+^ and Cl^−^ concentrations (Fig [1](#jvim12526-fig-0001){ref-type="fig"}), both variables were also correlated. Moreover, i‐STAT had considerably high precision and accuracy for determination of K^+^ concentration (0.995 and 0.984, respectively) and high accuracy for Na^+^ and Cl^−^ concentration (0.998 and 0.994, respectively).

Despite significant mean difference for blood and plasma K^+^ and Cl^−^ concentrations (Fig [1](#jvim12526-fig-0001){ref-type="fig"}), the best fit describing relationship between blood and plasma electrolyte concentrations did not deviate from the identity line (Fig [2](#jvim12526-fig-0002){ref-type="fig"}), suggesting that the i‐STAT produces accurate and precise blood electrolyte data on which to rely. Peiro et al.[6](#jvim12526-bib-0006){ref-type="ref"} also reported a negative bias for the i‐STAT for Na^+^ concentration. The i‐STAT underestimated K^+^ (−0.20), Na^+^ (−0.16), and CI^−^ (−0.87) concentrations in cow (Fig [2](#jvim12526-fig-0002){ref-type="fig"}; Table [1](#jvim12526-tbl-0001){ref-type="table-wrap"}). These corresponded to 4.6, 0.1, and 0.9% underestimation of plasma K^+^, Na^+^, CI^−^ concentrations measured by the auto‐analyzer, respectively. Despite no deviation the best fit from the identity line, negative biases (an indication of underestimation) are too small considering the mean concentrations and physiological range of electrolyte. Thus, biases could be disregarded from a clinical stand‐point.

It is very important to diagnose insufficient and excessive concentrations of electrolytes, which are associated with various diseases and trigger occurrence of various complications. Sensitivity refers to ability to detect suspected disease/status and Sp refers to ability to avoid misclassifying healthiness as suspected illness. Using physiological cut‐off values,[12](#jvim12526-bib-0012){ref-type="ref"} actualized cut‐off values by the electrolyte slightly differed (Table [2](#jvim12526-tbl-0002){ref-type="table-wrap"}). Based on the highest Youden index, cattle in this study were hypo‐ (32.7%, ≤3.7 mmol/L) and hyperkalemic (11.2%, \>5.4 mmol/L), hypo‐ (13.3%, ≤133 mmol/L) and hypernatremic (2.0%, \>150 mmol/L), and hypo‐ (25.5%, ≤97 mmol/L) and hyperchloremic (4.1%, \>108 mmol/L). Among these electrolyte disturbances, the diagnosis of hypo‐ and hyperkalemia may be very important because K^+^ plays a key role in cell function and neuromuscular transmission.[18](#jvim12526-bib-0018){ref-type="ref"}, [19](#jvim12526-bib-0019){ref-type="ref"} For instance, because of involvement of a number of factors, in addition to hypokalemia, in muscular weakness and recumbence,[20](#jvim12526-bib-0020){ref-type="ref"}, [21](#jvim12526-bib-0021){ref-type="ref"} i‐STAT can be used for more definitive diagnosis and effective treatment protocol. Hyperkalemia may require urgent clinical intervention because of its cardiac effects.[22](#jvim12526-bib-0022){ref-type="ref"} Hypernatremia, another electrolyte disturbance, may also be life threatening and an immediate intensive medical treatment may be needed in cattle.[23](#jvim12526-bib-0023){ref-type="ref"} The i‐STAT yielded high Se (ability to detect disease status) and Sp (ability to avoid misclassifying healthy individual as ill individual) for hypo‐ and hyperkalemic status as well as hypo‐ and hypernatremic status. The i‐STAT can be a very valuable tool in bovine medicine in both clinical and field settings for evaluating diagnosis and the efficacy of applied treatments. Except for hypchloremia (76.0%), the i‐STAT had 100% Se in defining tested electrolyte status (Fig [3](#jvim12526-fig-0003){ref-type="fig"}; Table [2](#jvim12526-tbl-0002){ref-type="table-wrap"}). Further studies evaluating data from a large set of cattle are needed in order to confirm Se and Sp for low and high levels of electrolyte statuses.

In summary, the i‐STAT yielded blood electrolyte results that were in agreement with plasma electrolyte results measured by the auto‐analyzer, with negligible biases and high accuracy and precision. Moreover, results for the i‐STAT predicted electrolyte statuses satisfactorily as evidenced by especially high Se and Sp values for K^+^ status. It can be concluded that the i‐STAT is a reliable POC device, which can be used in the field setting to assess plasma Na^+^, K^+^, and CI^−^ concentrations in cattle.
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